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AspirationAbstract Introduction: Local anesthetics are the most commonly used drugs in dentistry.
Although they are considered effective and safe in controlling pain during dental procedures, com-
plications related to their use appear inevitable. Many dentists use these drugs routinely but are
unaware of the dose calculations required and the maximum safe and effective dose of the drug.
Materials and methods: The aim of this study was to determine the knowledge that general dental
practitioners and dental specialists, in three different cities in Saudi Arabia, have regarding dose cal-
culations and the maximum dose required of the most commonly used local anesthetics. A one page
survey questionnaire was used in this study and data were analyzed using SPSS software.
Results: The respondents comprised 51% general dental practitioners and 49% dental specialists,
with ages ranging from 26–50 years; 58% of the total respondent was females and 42% males. A
total of 69% of the respondents were unaware of the maximum recommended dose for use on adult,
healthy patients and 85% were still confused about the maximum numbers of cartridges containing
2% lidocaine with adrenaline that can be given to a patient. A total of 53% of general dental prac-
titioners and specialists do not perform aspiration when injecting local anesthetics, while only 43%
performed the aspiration in inferior nerve block technique, while only 4% performed aspiration in
all types of injection techniques. A high percentage of the dentists (87%) who responded are una-
ware of how to calculate the local anesthetic dose and 35% of them encountered complications dur-
ing, or after, local anesthetic administration.
50 H. KhalilConclusion: General practitioners and dental specialists appear to have an inadequate knowledge
about local anesthetics maximum-dose and dose calculations; further educational courses are rec-
ommended to update them regarding such important aspects of dentistry.
ª 2013 Production and hosting by Elsevier B.V. on behalf of King Saud University.Table 1 Details of respondents.
Male Female Total Percentage
General dentist 134 85 219 51
Specialist 115 97 212 49
Total 249 182 431
Percentage 58 421. Introduction
Local anesthetics are the most commonly used drugs in clinical
practice of dentistry. The use of such drugs aims to inhibit nerve
conduction during a variety of dental procedures [1]. These
drugs are classiﬁed as ester or amide type with short, intermedi-
ate or long acting action. In addition to the local anesthetic
agent in the local anesthetic cartridge other constituents, such
as vasoconstrictors are of great importance during the adminis-
tration of local anesthetic [2]. During their routine work most
dentists who use such drugs often ignore important aspects of
drug administration, notably the maximum dose and the dose
calculation which relate to the use of local anesthetics. Most
dentists memorize the maximum number of cartridges and the
total contents in milligrams of local anesthetic per cartridges
[3]. The required dose of local anesthetic is based on many fac-
tors including age and weight, and medically compromised pa-
tients and children require special consideration when
calculating the maximum dose of a local anesthetic or a vaso-
constrictor [4]. Failure of anesthesia leads to more local anes-
thetic being administered in order to achieve the required
effect, and toxic reactions to local anesthetics can occur when
the local concentration of the drug in the blood stream becomes
elevated over a short time period. High concentrations of the
drug in the circulation may result from an inadvertent, rapid
injection directly into a blood vessel, or to the use of repeated
injections, and there is always a risk of intravenous administra-
tion when injections are made into a highly vascular area [5].
Although toxic reactions are more commonly encountered dur-
ing the use of nerve block techniques than inﬁltrations, some
authors recommend performing two negative aspirations even
when inﬁltration technique is used. Dentists should be fully
aware of the dose required and the dose calculations used for lo-
cal anesthetics and should perform aspiration in all injections in
order to avoid sudden intravascular injections which lead to
drug toxicity. A 2% local anesthetic means that 2 grams of
the drug is dissolved in 100 ml of solution, i.e., 20 mg per ml.
Although these calculations look simple, many dentists are
not conﬁdent doing them [6], and may be confused, in relation
to the maximum dose to be given, when changing concentra-
tions. The use of anesthetic cartridges in dentistry has unfortu-
nately spawned carelessness regarding an appreciation of the
amount of anesthetic that can be administered to the patient,
and such attitudes continue to predominate even in many re-
spected and well established institutes. The same problem arises
in relation to the concentration of vasoconstrictors (used in con-
centrations such as 1:80,000 and 1:100,000). The presence of
more than one drug in the dental anesthetic cartridge make
the situation more complicated regarding calculations of the
maximum dose for each drug, and it is important to respect lo-
cal anesthetic as active pharmacological agents that can poten-
tiate dose-related complications. The aim of this study was to
investigate the awareness and knowledge of general dental prac-
titioners and specialists regarding the maximum dose of thecommonly used local anesthetic drug lidocaine. The study also
determined (a) the most commonly used local anesthetic drugs
by dentists, (b) the most frequently encountered complications
during, or after, local anesthetic administration and (c) whether
or not aspiration is a common practice used by dentists working
in Saudi Arabia.
2. Materials and methods
A one page questionnaire was designed, and used, to investi-
gate the awareness of general dental practitioners and special-
ists working in Saudi Arabia regarding the maximum dose of
the most commonly used local anesthetic, lidocaine. The ques-
tionnaire included questions relating to age, gender, rank and
qualiﬁcation, and investigated the practitioner’s awareness of
(1) the maximum dose of 2% lidocaine with adrenaline for
adult healthy patients in terms of dose per kilogram, (2) the
maximum number of cartridges that can be used for each pa-
tient and (3) the name of the most commonly used anesthetic
drug used in the correspondents’ clinic. The questionnaire also
questioned awareness of the meaning of a 2% concentration in
local anesthetic dose calculation. The questionnaire asked
whether or not the dentist performs aspiration in different
injection techniques and questioned the types of complications
that the dentist had encountered during, or after, the adminis-
tration of a local anesthesia. Questions relating to the maxi-
mum dose were based on the recommendations given in
Malamed’s Handbook of Local Anesthesia [7]. The research
was approved by the College of Dentistry Research Center
Ethics Committee, registration number FR0056. The dentists
and specialists sampled included those working in both gov-
ernmental and private practice in Saudi Arabia. The total
number of questionnaires distributed was 600, although only
467 dentists replied and of these questionnaires, 431 were com-
plete. The data were analyzed using SPSS software version 17
and presented using descriptive analysis.
3. Results
The response rate to our distributed questionnaires was 77%
of which 92% were considered complete. Table 1 shows the
descriptive information regarding the respondents. The re-
sponses from general dental practitioners reached 51%, com-
pared to 49% for dental specialists; the age of respondents
ranged from 26–50 years and 58% of the total were females
Table 2 Answers to the question relating to the maximum
dose in mg for 2% lidocaine with vasoconstrictor.
2.4 mg/kg 4.4 mg/kg 6.4 mg/kg 8.4 mg/kg Total
General dentist 23 56 66 74 219
Specialist 27 77 50 58 212
Total 50 133 116 132 431
Percentage 12 31 27 30
Table 4 The most commonly used local anesthetic agent.
Lidocaine Articaine Mepivacaine Others Total
General dentist 159 42 16 2 219
Specialist 157 15 39 1 212
Total 316 57 55 3 431
Percentage 73 13 13 1
Table 5 Results relating to aspiration.
Aspiration
in IANB
Aspiration in
all injections
No aspiration Total
General dentist 100 15 104 219
Specialist 84 4 124 212
Total 184 19 228 431
Percentage 43 4 53 100
IANB= inferior alveolar nerve block.
Table 6 Familiarity with local anesthetic-dose calculation.
Yes No Total
General dentist 27 192 219
Specialist 29 183 212
Total 56 375 431
Percentage 13 87
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answer to the question regarding the maximum dose of 2%
lidocaine with vasoconstrictor (Table 2). The ANOVA test
showed no signiﬁcant difference between general dental practi-
tioners and specialists in relation to the correct answer. A total
of 69% of the respondents were not aware of the maximum
recommended dose for adult healthy patients. Table 3 shows
the respondent’s answers to the question regarding the maxi-
mum numbers of cartridges of 2% lidocaine, with adrenaline,
that can be given to an adult healthy patient and only 15% of
the general dental practitioners answered correctly the ques-
tion regarding the maximum numbers of local anesthetic car-
tridges containing vasoconstrictor that can be safely given to
patients. The remaining 85% of the respondents appeared con-
fused about the maximum numbers of cartridges of the 2%
lidocaine with adrenaline which can be administered.
Table 4 shows that lidocaine is the most frequently given lo-
cal anesthetic given by dentists working in Saudi Arabia
(73%), followed by articaine and mepivacaine. The results also
show that ﬁfty-three per cent of general dental practitioners
and specialists do not perform aspiration when injecting local
anesthetics, while only 43% perform aspiration in the inferior
nerve block technique; 4% perform aspiration in all types of
injection techniques Table 5. A high percentage of the respond-
ing dentists (87%) were unclear about correctly calculating the
local anesthetic dose, (Table 6) and 35% of them encountered
complications during, or after, the administration of local
anesthetics (Table 7). The complications encountered by den-
tists in their clinics were mainly syncope (62%) followed by
the failure of anesthesia to work (47%) (Table 8).
4. Discussion
The results presented here show that the calculation of the lo-
cal anesthetic maximum-dose and dose calculation present a
problem for most dentists working in Saudi Arabia indepen-
dent of whether they are general dental practitioners or
specialists. Failure to appreciate the dose of local anesthetic
that can be safely given to patients is a common problem for
most dentists and even in well-established dental schools. Con-
sidering that the local anesthetic is the only daily injectable
drug that the dentist can give their patients on a routine basis,
this lack of awareness of the correct dose calculation isTable 3 Answers to the maximum numbers of local an
6 Cartridges 8 Cartridges
General dentist 9 24
Specialist 8 40
Total 17 64
Percentage 4 15obviously worrying and it appears that the local anesthesia
procedure has become a technical matter, rather than a medi-
cal procedure. As a result, it has proved worthwhile to check
the knowledge of dental health providers in Saudi Arabia
regarding the maximum dose and dose calculation of the com-
monly used local anesthetic, lidocaine. A questionnaire was
developed here in which most of the questions were designed
as closed and pre-coded with all options already set, or with
two options provided, such as yes or no, in order to make
the questionnaire as simple as possible to complete. Only
31% of the general dental practitioners and specialists cor-
rectly answered the question regarding the maximum dose of
2% lidocaine with vasoconstrictor and no signiﬁcant difference
arose between the two groups in relation to the answer to this
question. These results show that most dentists use local anes-
thetic routinely to perform their various dental procedures
without giving attention to the importance of the dosage used.
A number of complications can arise from the incorrect
administration of local anesthetic injections, some of which
are permanent and can damage patients or even be life threat-
ening [8–12]. The maximum numbers of cartridges of 2% lido-
caine with adrenaline that can be given to an adult healthy
patient is calculated according to the percentage and theesthetic cartridges.
12 Cartridges 14 Cartridges Total
147 39 219
141 23 212
288 62 431
67 14
Table 7 Number and percentage of respondents encountering
complications during or after injections.
Yes No Total
General dentist 72 147 219
Specialist 79 133 212
Total 151 280 431
Percentage 35 65
Table 8 Types of complications encountered by dentists.
Complication General dentist Specialist Total Percentage
Syncope 141 127 268 62
Needle Breakage 1 0 1 0.2
Hematoma 8 10 18 4.2
Anaphylaxis 1 2 3 0.7
Failure of anesthesia 114 90 204 47
Trismus 8 13 21 4.8
Total 273 242
52 H. Khalilmaximum recommend dose for this drug. Only 15% of the
general dental practitioners correctly answered the question
regarding the maximum numbers of cartridges that can be gi-
ven to an adult healthy patient. The remaining 85% of the
respondents are still clearly confused about the maximum
numbers of cartridges of the 2% lidocaine with adrenaline.
Such confusion may become especially problematic when anes-
thetics are administered to medically compromised patients or
children, where doses of local anesthetics and vasoconstrictors
differ than in normal patients [9,13–15]. The accidental intra-
vascular injection of local anesthetics may occur following
any injection procedures. This study showed that 53% of gen-
eral dental practitioners and specialists do not perform aspira-
tion when injecting local anesthetics, while only 43% perform
aspiration in the inferior nerve block technique and 4% per-
form aspiration in all types of injection techniques. Some
authors recommend performing at least two negative aspira-
tions before depositing local anesthetics [16,17], and it seems
that dentists often fail to appreciate the importance of apply-
ing such procedures to all injection events. This is especially
worrying since, high levels of toxicity can be achieved by the
accidental intravascular injection of local anesthetics.
This study showed that lidocaine (73%) is the local anes-
thetic most commonly used by dentists in Saudi Arabia, fol-
lowed by articaine and mepivacaine. Lidocaine also remains
the most commonly used local anesthetic in the United States
[3]. Many factors can affect the selection of local anesthetics
such as duration of action, efﬁcacy and toxicity and a high per-
centage of the responding dentists (87%) were shown in this
study to be unaware of how to calculate the local anesthetic
dose. The volume of local anesthetic cartridges used in Saudi
Arabia is set at 1.8 ml. In order to simplify dose calculations
Becker and Reed recommended that this volume be regarded
as being 2 ml, thereby leading to an over estimate of the
amount of local anesthetic that is given to the patient [3],
and as a result automatically introducing a safety margin.
Thirty-ﬁve percent of dentists questioned in this study
encountered complications during or after local anesthetic
administration. The complications encountered by dentists in
their clinics were mainly syncope (62%) followed by failureof anesthesia to work (47%). Syncope may be related to the
fear of the dental injection and anxiety related events. Failure
of local anesthetics to be effective is related to many factors
such as, inaccurate anatomical deposition of the local anes-
thetic solution or the use of inadequate amounts of solution.
The determination of local anesthetist dosage and dose calcu-
lations remains a problem for most of the dentists sampled
here. The inability to understand and manipulate such impor-
tant issues in dentistry is of considerable concern as it is likely
to render dentists unsafe health providers.
5. Conclusions
In conclusion, the knowledge of general practitioners and den-
tal specialists concerning the local anesthetics maximum-dose
and dose calculations appears inadequate and worrying, espe-
cially since systemic toxicity of local anesthetics is dose depen-
dent. It is recommended that further educational courses are
provided in order to update both general dental practitioners
and specialists regarding the correct application of these criti-
cally important aspects in dentistry.Acknowledgements
The author would like to thank Mr. Nasser Meﬂehi for his
guidance in data entry and descriptive analysis using SPSS
program. This research is registered at the College of Dentistry
Research Center, Registration number FR0056.
References
1. Ayoub ST, Coleman AE. A review of local anesthetics. Gen. Dent.
1992;40(4):285–90.
2. Wahl MJ, Brown RS. Dentistry’s wonder drugs: local anesthetics
and vasoconstrictors. Gen. Dent. Mar. 2010;58(2):114–23.
3. Becker DE, Reed KL. Local anesthetics: review of pharmacolog-
ical considerations. Anesth. Prog. 2012;59(2):90–101.
4. Nakai Y, Milgrom P, Mancl L, Coldwell SE, Domoto PK,
Ramsay DS. Effectiveness of local anesthesia in pediatric dental
practice. J. Am. Dent. Assoc. Dec. 2000;131(12):1699–705.
5. Blanton PL, Jeske AH. Misconceptions involving dental local
anesthesia. Part 1: Anatomy. Tex. Dent. J. 2002;119(4):296–304,
306.
6. Jeske AH, Blanton PL. Misconceptions involving dental local
anesthesia. Part 2: pharmacology. Tex. Dent. J. 2002;119(4):
310–4.
7. Malamed S. Handbook of Local Anesthesia. six ed. Mosby; 2012.
8. Liau FL, Kok SH, Lee JJ, Kuo RC, Hwang CR, Yang PJ, et al.
Cardiovascular inﬂuence of dental anxiety during local anesthesia
for tooth extraction. Oral Surg. Oral Med. Oral Pathol. Oral
Radiol. Endod. 2008;105(1):16–26.
9. Conrado VC, de AJ, de Angelis GA, de Andrade AC, Timerman
MM, Andrade MM, et al. Cardiovascular effects of local anes-
thesia with vasoconstrictor during dental extraction in coronary
patients. Arq. Bras. Cardiol. 2007;88(5):507–13.
10. Rishiraj B, Epstein JB, Fine D, Nabi S, Wade NK. Permanent
vision loss in one eye following administration of local anesthesia
for a dental extraction. Int. J. Oral Maxillofac. Surg. 2005;34(2):
220–3.
11. Sapir S, Shapira Y, Amir E. Emergencies evolving from local
anesthesia in the pediatric dental clinic: prevention and treatment.
Refuat. Hapeh. Vehashinayim 2003;20(4):28–34, 87.
Local anesthetics dosage still a problem for most dentists: A survey of current knowledge and awareness 5312. Brown RS, Paluvoi S, Choksi S, Burgess CM, Reece ER.
Evaluating a dental patient for local anesthesia allergy. Compend.
Contin. Educ. Dent. 2002;23(2):125–322, 134.
13. American Academy of Pediatric Dentistry Council on Clinical
Affairs. Guideline on appropriate use of local anesthesia for
pediatric dental patients. Pediatr. Dent. 2008;30(Suppl. 7):134–9.
14. Lipp M, Dick W, Daublander M, Fuder H, Stanton-Hicks M.
Exogenous and endogenous plasma levels of epinephrine during
dental treatment under local anesthesia. Reg. Anesth. Jan.
1993;18(1):6–12.15. Mochizuki M, Yokota S, Murata Y, Watanabe H, Nishibori M,
Suzuki N, et al. Changes in heart rate and blood pressure during
dental procedures with local anesthesia. Anesth. Prog. July
1989;36(4–5):234–5.
16. Moore PA, Hersh EV, Boynes SG. Preface update of dental local
anesthesia. Dent. Clin. North Am. 2010;54(4):xiii–xiv.
17. Meyer FU. Complications of local dental anesthesia and anatom-
ical causes. Ann. Anat. 1999;181(1):105–6.
